Nest site selection in birds can be an important determinant of reproductive success by affecting losses caused by predators and weather, the two most important causes of nest failure (Nolan 1963 , Ricklefs 1969a . Except for the well-known differences in the breeding biology of cavity-and open-nesting birds (von Haartman 1957, Lack 1968), few studies of temperate-zone breeding passerines have related aspects of nest placement to the species' overall breeding habits. If species with long nesting periods placed their nests in cryptic, easily defended or inaccessible sites, they could counteract the increased probability of predators finding the nest before the young fledge. This hypothesis has yet to be examined for temperate-zone breeding passerines, yet is presumably the basis for the great diversity of nesting habits in tropical breeding land birds (Ricklefs 1969a) .
As part of a geographic comparison of the breeding biology of the Eastern Kingbird (Tyrannus tyrannus), I collected data on nest placement and success. Eastern Kingbird nests are relatively conspicuous and are typically placed on horizontal branches close to the canopy edge (Davis 1941 , Bent 1942 , Pettingill 1973 . Nestling kingbirds develop slowly (Murphy, in press) and eggs and nestlings are exposed in the nest for up to 39 days. I therefore predicted that nest placement would be important in determining the reproductive success of Eastern Kingbirds. Furthermore, since slow nestling growth and long periods of nest occupancy are typical of most tyrannids (Ricklefs 1976 ; Murphy, in press), nest placement should be especially important in this family and reflect the need to reduce nest losses. I tested these hypotheses using data on nest placement and success in Eastern Kingbirds, and comparative data from the literature. STUDY AREA AND METHODS I studied the breeding biology of Eastern Kingbirds in western New York and eastern Kansas from May through August, 1979 and 1980, respectively. The center of the New York research site was located midway between the towns of Eden and Angola, Erie Co. (42040'N, 78057'W) and was approximately 16 km from Lake Erie. In Kansas, I concentrated research in an area 6.5 km west of Lawrence, Douglas Co., near Clinton Lake (38057'N, 95019'W). The study site in New York encompassed the adjacent lands 0.5 km on either side of 45 km of country roads, plus several larger isolated areas (range of 2-4 ha). My study site in Kansas included the adjacent lands 0.5 km on either side of country roads (30 km), plus an intensively studied area measuring 1.6 x 0.8 km. My methods preclude accurate estimates of density, but breeding pairs seemed about 1.5 to 2 times as common in Kansas as in New York.
At each nest I recorded the species of the nest tree, and six nest placement variables: nest height (m); distance from top of tree to nest (m); distance from nest to center of tree (m); horizontal distance from nest to outer perimeter of canopy (m); number of branches or twigs supporting the nest; and vegetative cover within an imaginary sphere 20 cm in radius around the nest. Relative nest height (nest height/tree height) and relative distance from the center of the tree (distance from center of tree to nest/ distance from center of tree to canopy edge) were also calculated. Cover was estimated by placing a compass on the nest surface and ranking the quality of the cover for the four cardinal compass directions and directly over the nest. Cover quality was scored as follows: 0-25% cover, scored 0.0; 25-75% cover, scored 0.5; 75-100% cover, scored 1.0. Scores were then summed to give an overall estimate of the degree of nest concealment (maximum of 5.0). Inaccessible nests were examined using an extensible mirror-and-pole apparatus. Distances and heights, later converted to meters, were measured to the nearest 0.5 foot using a pole marked off in feet, by climbing the tree and measuring distances directly, or using a range-finder and clinometer.
A successful nest was one that fledged at least one nestling. At both sites I found more than one-half of the nests before incubation started, and for these I divided the number of successful nests by the total number (S/n) to estimate success. I also calculated nest success using the entire sample and correcting for exposure time (Mayfield 1961). The status of most nests was checked every two to three days. The standard error of the estimated success rate and 95% confidence limits were also calculated (Johnson 1979). Nest failures were categorized as being due to either predation, weather, desertion, failure of eggs to hatch, or loss of an adult. If an entire nest and its contents disappeared I assumed that it was destroyed by weather. If nest contents were missing but the nest was relatively undisturbed I assumed predation had occurred. Death of nestlings due to overexposure to the sun also left the nest undisturbed. In these cases, where it was known or strongly suspected, losses were attributed to weather.
Univariate comparisons of nest placement variables between New York and Kansas and between successful and failed nests within each site were made using the Student's t-test. Relative nest height and relative distance from the center of the tree to the canopy were arc-sine transformed before testing. The homogeneity of variances was tested using the Fmax-test (Sokal and Rohlf 1981). If variances were heteroscedastic, an approximate t-test based on the assumption of unequal variances was used to test for significant differences between means (Sokal and Rohlf 1981: 408).
If a nest's success depends upon its placement, it is likely that numerous variables, of which I have measured or generated eight, interact to ultimately determine the nest's fate. In order to improve ecological interpretability, I reduced the number of variables to a few mutually independent linear combinations of the original correlated variables using principal component analysis (PCA; BMDP4M, Dixon and Brown 1979). Because of the diverse nature of the data (i.e., counts, lengths, etc.), variables were standardized by extracting the principal components from a correlation matrix. However, because standardization based on the total variance tends to de-emphasize characters with high variance, I further standardized variables on the basis of the pooled, weighted within-group variances for successful and failed nests (Rohwer and Kilgore 1973 ). This procedure is appropriate when PCA is being used to separate groups where between-group variances may be large compared to within-group variances, since the former variables are those best able to differentiate between groups (see Rohwer and Kilgore 1973 ).
An adaptively based predator avoidance theory for nest site selection predicts a direct relationship between duration of the nestling period and nest height. To test this hypothesis I used literature sources to generate a correlation between nestling period length and nest site characteristics for species with information available. In this analysis, the duration of the nestling period used was the most commonly reported period. For nest height, I calculated the weighted average of all reports of nest height for each species for the correlation with nestling period length.
RESULTS

NEST SUCCESS
Estimates of nest success at the two sites indicated that breeding success of Eastern Kingbirds was relatively high for an open-nesting passerine (Table 1; Similarly, nest success among other north temperate breeding tyrannids also appears to be relatively high ( Table 2 (Table 2 ) was still low (1.68%/day).
NEST SITES
In general, nest placement differed little between New York and Kansas. (Table 3 ). With the exception of the absolute distance at which nests were placed from the center and periphery of the tree, none of the major nest site characteristics differed significantly between the two regions (Table 3) Most nests were placed on horizontal or diagonal branches about 60% of the distance out from the main trunk of the tree to the canopy edge (Table 3) . Only 1 of 114 nests (0.9%) was placed in a main crotch of the nest tree. However, most nests at Delta Marsh, Manitoba were placed centrally (D. I. MacKenzie, pers. comm.). The same or related tree species available for nesting at Delta Marsh (see MacKenzie and Sealy 1981) were also readily available in New York and Kansas, yet they were not commonly used (i.e., only 7.0% of the time).
Nests placed in these species (Populus deltoides, Acer sp., and Fraxinus sp.) had a mean relative distance from the tree center of only 0.39 (n = 8). These trees, apparently, did not offer horizontal attachment sites that were as suitable as in those other species used much more frequently (Morus sp., Ulmus sp., Maclura pomifera and Malus sp.; 56%), suggesting that placement of the nest away from the main trunk was preferred.
Distance of the nest from the top of the tree was directly correlated with distance from the center of the tree in both New York (r = 0.482, df= 56, P < 0.001) and Kansas (r = 0.520, df= 54, P < 0.001), indicating that as nests were placed lower, they were situated farther from the main trunk of the tree. This finding is supported by two additional observations: the direct correlation between nest height and distance from the canopy edge in Kansas (r = 0.485, df= 54, P < 0.001) and the inverse correlation between relative nest height and distance from the center of the tree in New pattern of nest placement was usually also accompanied by placement of the nest farther from the tree center, in both a relative and absolute sense (Fig. 1) . I found a similar pattern for Kansas. As relative nest height decreased, distance from the top of the tree increased and both absolute and relative distance from the center of the tree increased (Fig. 1) . Thus, for both populations, I interpreted PC 1 as a contrast of the horizontal and vertical components of nest placment. Principal Component 2 in New York explained 20.8% of the original variation, and contrasted relative and absolute nest height with the microhabitat nest placement variables (i.e., number of supporting branches and vegetative cover). It indicated that nests placed lower in the tree generally had more cover and more supporting branches than nests placed higher (Fig. 1) . Principal Component 2 explained 23.9% of the original variation in Kansas nest placement data. This axis indicated that cover and number of supporting branches tended to decrease as absolute nest height and distance from the top of the tree and canopy edge increased (Fig. 1) . Principal Component 3 explained 18.8 and 20.3% of the variation in nest placement in New York and Kansas, respectively, and in New York contrasted distance from the canopy edge with relative distance from the tree center (Fig. 1) . Principal Component 3 in Kansas contrasted nests placed absolutely and relatively high in a tree, and absolutely and relatively far from the tree center, with nests placed low and close to the tree center.
The contrast of the horizontal and vertical components of nest placement by PC1 was similar to the species-specific patterns of nest placement found within other flycatchers (Table 4). With the exception of the Yellow-bellied Flycatcher, all open-nesting tyrannids place their nests in trees or bushes, 2 m or more above the ground. Those species nesting at lower heights usually place their nests close to the canopy edge (e.g., Acadian Flycatcher and Scissor-tailed Flycatcher; Table 4 ). The alternative, that of placing nests near the top of the tree but close to the main trunk, is used by the Least Flycatcher, Western Kingbird and Cassin's Kingbird (Table 4 ). The wide range of nest heights of species in the genus Tyrannus, especially the Eastern Kingbird, indicates that nest height depends to some extent upon the availability of suitable nest trees (Table 4 ; D. I. MacKenzie, pers. comm.). However, the four Tyrannus species (included at the top of Table  4 ) clearly demonstrate the inverse relationship between nest height and distance from the center of the tree.
NEST PLACEMENT AND SUCCESS
Nest success was significantly correlated with nest placement variables in New York only (Table 5) . However, in all cases comparisons between failed and successful nests in Kansas tended to be in the same direction as in New York. Successful nests were placed at lower absolute and relative heights than failed nests, and also had significantly more surrounding cover and supporting branches in New York (Table 5 ). Thus, lower success was associated with greater exposure of the nest, due either to less vegetative cover around the nest, or placement in increasingly extreme positions in the tree (i.e., closer to the peak). Relative distance from the center of the tree and relative nest height in Kansas were apparently not associated with success (Table 5) .
I combined samples from both sites in order to further examine the relationship between success and relative height and distance from the tree center. This was justified since success varied in a similar manner with both variables in both populations. Nests were most successful between the relative heights of 0.41 and 0.71 in both populations (Fig. 2) . However, above a relative height of 0.41, nest success tended to decrease and a significant inverse relationship existed between percent nest success and relative nest height (r = -0.897, df = 4, P < 0.05). In addition to the low success of nests placed relatively high, nests placed below a relative height of 0.41 in Kansas were also very unsuccessful (Fig. 2) . No nests were placed this low in New York. Exclusion of nests placed below a relative height of 0.41 in Kansas indicated that failed nests were placed relatively higher than successful nests (t = 2.43, df = 44, P < 0.05), as was also found earlier in New York. Similarly, nest success also tended to decrease as relative distance of the nest from the tree center increased (Fig. 3) . Nests placed closest to the canopy edge were the most likely to fail in both New York and Kansas. However, of the five nests placed very close to the center of the tree in Kansas (relative distance < 0.31), only one fledged young, suggesting that placement of the nest very close to the tree center was also likely to result in the failure of the nest. The lack of a difference between successful and failed nests in relation to relative nest height and distance from the tree center in Kansas (Table 5) the component scores of successful and failed nests did not differ on PCi indicated that the horizontal and vertical components of nest placement did not by themselves determine the probability of success. Instead, the simultaneous action of nest height, cover and number of supporting branches was more important in determining nest fates. Failed and successful nests were clearly separated on PC2 in New York (Table 6 ; Fig. 4 ). Successful nests were thus placed relatively lower with more cover and supporting branches. Mean scores for failed nests on PC2 in Kansas indicated that they also tended to be placed relatively higher in the tree and to have less vegetative cover, and also to be placed farther from the canopy edge than successful nests (Table 6; In New York, the component scores of successful and failed nests on PC3 were not quite significantly different (Table 6; Fig. 4) . However, the scores indicated that successful nests tended to be placed farther from the canopy edge and closer to the tree center than failed nests. The difference between the two classes of nests on PC3 in Kansas was also not significantly different (Table 6; Fig. 4) . Hence, high nests far from the tree center were just as likely to fledge young as were low nests close to the tree center. However, exclusion of the five relatively low nests again nearly established a significant difference between the two groups (t = 1.85, df= 44, P = 0.075), suggesting that high nests close to the canopy edge were more likely to fail. Although significant differences were found in only one of the two sites, and for only one component, the results of the principal components analyses were consistent with univariate comparisons in associating lower relative height, greater amounts of vegetative cover, and increased distance from the canopy edge with increased probabilities of success. The duration of the nestling periods and nest heights used to test the predator avoidance theory for nest site selection were taken from Tables 2 and 4, respectively. A significant positive relationship exists between length of the nestling period and nest height (r = 0.606, df = 11, P < 0.05). However, nestling period duration and adult body weight are also correlated, though not significantly in these species (r = 0.487, df= 11, ns). The correlation of nestling period duration with nest height may therefore be an artifact of a relationship between body weight and nest height. However, the latter correlation is not significant (r = 0.467, df= 11). These results support the predator avoidance hypothesis, and strongly suggest that flycatchers compensate for greater risks of predation as the length of exposure increases by making nests less accessible to ground predators, and most mammalian pred- Table 6 .
America suggests that the nest placement behaviors adopted by these species are effective means of reducing nest losses. Patterns observed in my study suggest that predation is the driving force behind nest site selection. First, it is the major cause of nest failures in the Eastern Kingbird. Kingbird nests placed relatively low had the least probability of fledging young, due almost solely to the activities of predators (80% of losses below a relative height of 0.41). Low nests were presumably more accessible, possibly because they were more visible to ground predators, and/or the larger lower limbs offered more support for their movements. In addition, nests placed extremely high in trees usually also failed. Similarly, except for the low success (20%, n = 5) of nests placed near the trunk in Kansas, nest success was inversely related to relative distance from the center of the tree. Exposure to physical factors (high winds and intense sunlight) was probably more severe at higher levels in trees or at the ends of branches where vegetation and supporting branches are thinner and weaker. If predators were absent, nests placed relatively low or close to the trunk would pre-sumably be most successful. The complete absence of nests below a relative height of 0.41 in New York and the low percentage in Kansas (10%) suggests that these nest sites are susceptible to predation. Low sites are apparently shunned by Eastern Kingbirds. Maximum success thus occurred at mid-heights in the tree and about midway between the tree center and canopy edge, indicating that those sites most heavily used were also generally the most successful. Nest placement behavior therefore probably represents a compromise between balancing losses to predators and weather. It seems to act in a manner analogous to stabilizing selection since at one extreme (low nests, close to trunk) predators are able to easily reach nests, but at the other (high nests or near the canopy edge) damage or loss of nests to physical factors increases.
However, results of the principal components analyses of Eastern Kingbird nests indicated that success was equally high among nests placed low in trees when placed on long horizontal branches, and those placed at the tops of trees, but relatively closer to the main trunk. 
